Abstract: Chemokine modulation in response to pathogens still needs to be fully characterised in fish, in view of the recently described novel chemokines present. This paper reports the first comparative study of CXC chemokine genes transcription in salmonids (brown trout), with a particular focus on the fish specific CXC chemokines (CXCL_F). Adopting new primer sets, optimised to specifically target mRNA, a RT-qPCR gene screening was carried out. Constitutive gene expression was assessed first in six tissues from SPF brown trout. Transcription modulation was next investigated in kidney and spleen during septicaemic infection induced by a RNA virus (Viral Haemorrhagic Septicaemia virus, genotype Ia) or by a Gram negative bacterium (Yersinia ruckeri, ser. O1 / biot. 2). From each target organ specific pathogen burden, measured detecting VHSV-glycoprotein or Y. ruckeri 16S rRNA, and IFN-ɣ gene expression were analysed for their correlation to chemokine transcription. Both pathogens modulated CXC chemokine gene transcript levels, with marked up-regulation seen in some cases, and with both temporal and tissue specific effects apparent. For example, Y. ruckeri strongly induced chemokine transcription in spleen within 24 h, whilst VHS generally induced the largest increases at 3 d.p.i. in both tissues. This study gives clues to the role of the novel CXC chemokines, in comparison to the other known CXC chemokines in salmonids.
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Editor, Molecular Immunology Dear Victor, Please find enclosed our revised paper, entitled "Comparative study of CXC chemokines modulation in brown trout (Salmo trutta) following infection with a bacterial or viral pathogen", that we hope is now acceptable for publication in Molecular Immunology.
We believe we have addressed all of the main points raised by the reviewer's, and a point by point rebuttal is enclosed. Whilst reviewer 2 suggested removal of the correlations to interferon-gamma, reviewer 1 found this aspect novel and we believe by making the text a little clearer it adds value to the paper. We have removed section 3.4 as requested by reviewer 1. The challenge was stopped by restarting the flow to each tank, with a higher flow used for a 156 few minutes to change the water. This strain had been shown previously to be highly 157 pathogenic for rainbow trout (Stone et al., 2008) . The VHSV-Ia infected fish showed typical 158 characteristics of VHS pathogenesis, and histopathology revealed a generalised haemorrhagic 159 and inflamed condition of many tissues (brain, heart, liver, spleen, pronephros, mesonephros, 160 muscle, intestine, perivisceral abdominal adipose tissue) (Suppl. Fig. 1) . A control group was 161 mock-exposed, using the same procedure, with an equal amount of sterile transport medium 162 
Brown trout CXC chemokine genes sequence analysis 281
The specificity of the RT-qPCR amplification of brown trout chemokine gene transcripts was 282 assessed by melting curve analysis and gel electrophoresis. Brown trout CXC chemokine 283 mRNA transcripts were sequenced and made available in the GenBank database, accession 284 numbers provided in Table 1 . A phylogenetic tree evaluated and confirmed the evolutionary 285 relationship of the novel brown trout CXC chemokines with their known orthologues from 286
Atlantic salmon and rainbow trout (Fig. 1) , where clades were supported by high bootstrap 287 values (93-99%). However, regarding CXCL_F1 and CXCL12, highly similar multiple 288 isoforms are known in rainbow trout (Chen et al., 2013) making it difficult to be sure of the 289 exact homologue present in brown trout. Brown trout CXCL_F1 showed a closer 290 phylogenetic relationship with Atlantic salmon CXCL_F1c than the other two CXCL_F1 291 members (CXCL_F1a and CXCL_F1b). 292 293
CXC chemokine constitutive expression 294
The constitutive expression of brown trout CXC chemokines in homeostatic conditions was 295 analysed using brown trout tissues (gills, thymus, mid-gut, spleen, liver and kidney) obtained 296 from 6 SPF fish. In thymus and gills, the CXCL_F1 and CXCL_F5 genes were highly 297 expressed at comparable levels ( Fig. 2.A) . CXCL_F2 typically had the lowest expression in 298 all examined tissues. CXCL11_L1 and CXCL11_L2 showed divergent expression levels in 299 gills, gut and liver, with a higher expression of the CXCL11_L1 isoform (Fig. 2.B) . The 300 lowest baseline threshold between all genes screened was recorded in gut for CXCL11_L2, 301
with an average cCq of 32.7. Similar transcript levels of these two isoforms were seen in 302 thymus, spleen and kidney, although CXCL11_L1 was always higher. CXCL12 and CXCL14 303 showed a relatively high expression in the majority of the tissues studied. CXCL12 304 transcripts were at particularly high levels in gills, spleen and kidney. CXCL14 gene was 305 most highly expressed in the gills and thymus. 306 The VHSV-Ia infected fish showed typical characteristics of VHS pathogenesis, including 344 skin darkening, ascites and petechial haemorrhages. The histopathology revealed a 345 generalised haemorrhagic and inflamed condition of many tissues (brain, heart, liver, spleen, 346 pronephros, mesonephros, muscle, intestine, perivisceral abdominal adipose tissue), with 347 parenchymatous organs the most affected (Suppl. Fig. 1 ). The kidney mesonephros also 348
showed diffuse haemato-lymphopoietic tissue necrosis, with cellular depletion apparent 349 (Suppl. Fig. 1.A) . Fish specific CXC chemokine gene transcript levels were all significantly correlated to viral 362 burden in both kidney and spleen, suggesting their strong involvement in response to this 363 septicaemic infection in brown trout ( Table 2 ). The strength of the interaction between viral 364 burden and time after infection with host gene expression, using a multivariate analysis 365 approach, provided further significant results for CXCL_F1, _F2 and _F4. Whilst CXCL_F5 366 was significantly correlated to pathogen burden, it showed no significant interaction. 367 CXCL8_L1 and CXCL11 isoforms were strongly correlated to viral burden in kidney and 368 spleen, with significant interactions seen for viral burden and time after infection. CXCL12and CXCL13 gave a weaker correlation to viral burden in kidney, and CXCL14 had a 370 negative correlation with viral burden in the spleen (Table 2) . 371
372
The correlation to bacterial burden during ERM showed a more specific pattern of significant 373 multifactorial interactions. Bacterial burden in relation to time was correlated with fish 374 specific chemokine expression, at least in spleen, for CXCL_F1, _F2 and _F4 (Table 2) . 375 CXCL_F4 and _F5 were strongly correlated to bacterial burden in both kidney and spleen. 376
Interestingly CXCL_F1 and _F2 transcript levels did not correlate with Y. ruckeri burden, 377 indicating a specific time dependant, and possibly pathology-dependent, modulation of their 378 expression ( Table 2 ). As seen during the viral infection, CXCL8_L1 and CXCL11 isoforms 379 were strongly correlated to bacterial burden in kidney and spleen. However, covariance 380 analysis found a selective gene transcription modulation in the spleen. In the case of 381 CXCL12-CXCL14, CXCL12 expression did not correlate to ERM at any level, whilst 382 CXCL13 expression was strongly correlated to bacterial burden in both kidney and spleen but 383 the covariance analysis was only significant for spleen. Lastly, CXCL14 expression had only 384 a weak correlation to bacterial burden and time post-infection (Table 2) . 385 386 3.6.3.5.
Comparative modulation of fish specific chemokines during septicaemic 387 infections 388 CXCL_F1 showed a delayed induction during VHS (Fig. 3.A) , but was clearly elevated by 7 389 d.p.i. and higher at 14 d.p.i. in both kidney and spleen (104-and 32-fold increase, 390 respectively). However, only a moderate (6.5-fold) increase was seen in kidney at day 14 post 391 bacterial infection (Fig. 3.B) . CXCL_F2 transcription was induced during VHS, by 1 d.p.i. in 392 spleen and followed by a stronger induction in kidney at day 3, with a late selective induction 393 in kidney at 14 d.p.i.. ERM induced a more contained CXCL_F2 up-regulation in kidney at 394 14 d.p.i., showing instead a selective earlier induction in spleen (Fig. 3.C and D) . The 395 CXCL_F4 gene was strongly modulated by both VHS and ERM, with a sustained expression 396 over the 14 days of the study. However, in both cases the spleen responded faster, peaking 397 with an 82-fold-increase at 1 d.p.i. with ERM, with selective induction still apparent at 3 398 d.p.i. (Fig. 3.F) . The highest transcriptional increases were seen with VHS at day 3, with 110-399 and 227-fold increases in kidney and spleen, respectively (Fig. 3.E) . During both septicaemic 400 infections, the expression pattern of CXCL_F5 was comparable to that of CXCL_F4 but 401 generally the increases were of a lower magnitude (Fig. 3.G and H) . 402
3.7.3.6.
Comparative modulation of CXCL8 and CXCL11 related chemokines 404 during septicaemic infections 405 CXCL8_L1 transcription was strongly induced during VHS, with a sustained and significant 406 modulation starting from a peak at 3 d.p.i. in both kidney and spleen (maximal up-regulation 407 of 107 fold in spleen) that gradually decreased to day 14 (Fig. 4.A) . ERM induced an earlier 408 up-regulation of CXCL8_L1 expression, which was apparent by 1 d.p.i. and was much higher 409 in the spleen. Maximal increases in expression were seen in both organs at 7 d.p.i. during 410 ERM (47-and 165.5-fold increase in kidney and spleen, respectively) (Fig. 4.B) . The 411 CXCL11 isoform transcript levels were modulated in a similar manner to CXCL8_L1 during 412 VHS (Fig. 4. C and E) but a much higher fold increase was seen for CXCL11_L1 (a 1,615-413 fold increase in kidney and 468-fold increase in spleen at 3 d.p.i.) (Fig. 4.C) . Comparable 414 patterns between CXCL11 isoforms were also detected during ERM, with induction of both 415 genes apparent at 1 d.p.i., with higher levels in spleen at 1 and 3 d.p.i. (Fig. 4.D and F) . 416 although only minor changes were seen during ERM (Fig. 5.A and B) . CXCL13 was strongly 424 modulated by ERM, with a fast up-regulation apparent (e.g. by 1 d.p.i.). At later time points, 425 CXCL13 expression declined faster in kidney compared to spleen (Fig. 5.D) . Lastly, 426 CXCL14 showed only weak modulation in general, apart from a 16-fold increase at 14 d.p.i. 427 in kidney during ERM (Fig. 5.F) . However, this might be influenced by the relatively high 428 individual variance seen for the CXCL14 gene, which complicated the study of its 429 expression. 430 
E and 7E). This is in 441
contrast to the relatively modest (~ 4-fold) increase seen in vitro by rIFN-γ stimulation on 442 CXCL8_L1 expression (Chen et al., 2013) . CXCL11 isoforms transcription was also strongly 443 correlated to the expression of IFN-γ, in both organs and for both diseases (Fig. 6.F/G and  444 7.F/G). CXCL11_L1 showed the highest correlation to IFN-γ expression, with an r = 0.955 in 445 kidney during VHS (Fig. 6.F) . In the case of the CXCL_F isoforms, strongest correlations 446 were seen with CXCL_F4 and CXCL_F5 as expected (Fig. 6.A-D and Fig. 7.A-D were also found to be strongly correlated to expression of IFN-γ during the course of VHS 493 but to a lower degree during ERM, in both kidney and spleen. 494
495
The constitutive expression of fish specific CXCL_Fs showed comparable patterns to those 496 found in rainbow trout (Chen et al., 2013) . CXCL_F4 and CXCL_F5 were the highest 497 expressed in brown trout kidney and spleen. These molecules were previously shown to 498 bealso strongly induced in vivo in rainbow trout upon A. salmonicida infection and in vitro 499 following stimulation of rainbow trout cell lines (the RTG-2 and RTS-11) with rIL-1β, rIFN2 500 and rIFN-γ (Chen et al., 2013) . In agreement with these initial results, in the present study the 501 fish-specific CXC chemokine genes were also found to be strongly modulated by the diseases 502 studied. CXCL_F1 showed a delayed induction during VHSV-Ia infection in kidney and 503 spleen, which was even more delayed in the case of ERM. CXCL_F1, was previously found 504 to be induced during both Y. ruckeri vaccination and infection challenges, but not after a high 505 dose injection of the rhabdovirus IHNV (Wiens et al., 2006) . CXCL_F2 has only been 506 identified recently by phylogenetic analysis (Chen et al., 2013) and no information is 507 available on its expression. In this study, we found brown trout CXCL_F2it had lower 508 constitutive expression when compared to other fish-specific CXC chemokines and to 509 CXCL8_L1, and a significant expression modulation during the early stages of both VHS and 510 ERM pathogenesis. A delayed secondary peak was seen in the kidney after 2 weeks for both 511 diseases. Furthermore, CXCL_F2its expression was strongly correlated to both pathogen 512 burden (in both tissues studied) and the onset of pathogenesis. CXCL_F4 and CXCL_F5 513 showed strong and spleen specific up-regulation after 24 h p.i., as seen previously and in 514 agreement with the strong induction seen in RTS-11cells (Chen et al., 2013) . Later during the 515 disease course they were strongly induced in both tissues with comparable kinetics. 516 CXCL_F4 and CXCL_F5 also had a good correlation to IFN-γ expression, especially during 517 VHS, although a degree of correlation was also seen with CXCL_F1 (except in the spleen 518 during ERM) and CXCL_F2. 
